Abstract-A method for the numerical analysis of elastic plates with two opposite simply supported ends is presented. A variety of boundary conditions including the mixed and the nonhomogeneous types can be prescribed along either of the remaining two opposite edges. Numerical results are presented for the three examples. Based on the comparisons made with the results available elsewhere, it is concluded that the present method is efficient, economical, reliable and very accurate.
INTRODUCTION
The present paper is concerned with the numerical analysis of rectangular plates with different boundary conditions. A less known formulation which is originally due to Goldberg et a/.[11 is used in the present study. The system of equations are then numerically integrated by using a so-called "segmentation method" which is comprehensively documented in a recent publication [2] . This method is found to be efficient, reliable, accurate and computationally economical for a certain class of plate problems. The plate is assumed to be simply supported along two opposite edges. Different boundary conditions are then prescribed along the other two opposite edges.
PROBLEM FORMULATION
The present study is based on the thin plate theory [3] due to Kirchhoff with the following assumptions:
(1) Material is homogeneous, isotropic and linear elastic.
(2) Deflections are small compared to the thickness of the plate.
(3) Normals to the reference surface before deformation remain straight and normal to the deformed reference surface and their length remain unchanged (rxz = ?YZ = G = 0).
(4) Transverse normal stress components acting on planes parallel to the reference surface is neglected compared to other stress components (uz = 0).
The well-known governing equations of such a theory which defines a boundary value problem are summarised in Appendix A. Numerical integration of such a boundary value problem by the segmentation method [2] which is originally due to Goldberg et a/.[11 involves first algebraic manipulation of the basic equations so as to obtain a set of first order differential equations-called the "intrinsic equations" involving only some particular dependent variables-called the "intrinsic variables", the number of which equals the order of the partial differential equation system of such a theory (fourth order in the present case). Then out of the two independent coordinates which describe the problem, one is chosen to be the preferred one. In the present analysis, x-coordinate is selected as the preferred one. Intrinsic equations are then derived consisting of a system of first order partial differential equations each of which contains necessarily the first derivative with respect of x of one of the so-called intrinsic dependent variables which appear naturally in the boundary conditions on the edge x = a constant. In the present analysis, y defining the vector of intrinsic variables, consist of the dependent variables IV, &, V, and M,. After the required manipulations, the system of equations are obtained in the following form:
The other dependent variables are expressed as functions of intrinsic variables by simple algebraic reiations, called "the auxiliary relations" in the following form:
The generalised displacement conponents and the corresponding stress resultants which form the vector j' of the intrinsic variables are functions of x and y, and for a plate with two opposite edges, y = 0 and y = b as simply supported, these may be represented in the form of a Fourier series which automatically satisfies both the displacement and the force boundary conditions along these edges, to any desired degree of accuracy as follows:
Substitution of the expansions (3ad) in the system of differential equations (lad) and analytic integration of these equations with respect to the indpendent variable (coordinate) y coupled with the use of the orthogonality conditions of the basic beam functions used in the ydirection in the aforesaid expansions reduces the set of partial differential equations (lad) into the following set of simultaneous first order ordinary differential equations (say for the mth harmonic) involving only the four intrinsic variables. It may be mentioned that it is not necessary to express the external loads in the form of a Fourier series in the y-direction unlike the analyticalO] and the semi-analytical[4] methods. Further it is noted that the series uncouple with respect to the harmonic m leading to a term-by-term analysis which enables storage of only the final discrete values of the intrinsic and the auxiliary dependent variables corresponding to a parti cular harmonic analysis to be added to the values of the subsequent harmonic analyses.
the auxiliary relations (2a-e) take the form: The equations (4ad) are numerically integrated by the segmentation method[2] for th mth harmonic at a time and the discrete point values of all the dependent variables are obtained by summing the corresponding values got for the given number of harmonics as given by the relations (3a-d) and (Sa-e).
NUMERICAL EXAMPLES
Numerical results are presented for a square plate of side "a" and thickness "h", simply supported along the two opposite edges, y = 0 and y = a with the boundary conditions w, = MY,,, =0 and loaded with a uniformly distributed load pz+. Discrete numerical values of the dependent variables are presented in the non-dimensional form as follows: On an edge with outward unit normal vector n' and unit tangent vector f, the following nomenclature has been used for the designation of the prescribed boundary conditons.
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Results obtained in the present study are compared with those available elsewhere [3] . Most of the discrete values of the dependent variables are tabulated for the first 20 harmonics. Convergence is seen to be excellent. It is observed that while the value of w converges at the second or the third harmonic, the values of M,, MY, MXY, QX and V, take six to seven harmonics to converge. Convergence of the values of Q, and V, is seen to be slow.
Example 1. Plate with boundary conditions "s" along all the four edges
The maximum values of w, M,, MY, MY, Ox, Q,, V, and V, are presented in Table 1 while the variation of M, and MY along the centre line y/a = 0.5 is tabulated in Table 2 Example 2. Hate with boundary conditions "C" along x = 0, a and "S" along y = 0, a occurrence of a maxima of Q, at the corner of the plate is unrealistic. But this is not due to the method used in y/a = 0.5, and Mxy, (IY and V, along the supported edge y/a =O.O are shown m Figs. 7-9. These plots are quite the present study. This is due to the inherent limitation revealing. It gives a feel for the variation of the quanof the Kirchhoff plate theory itself. This point has been tities. The value of QX is seen to be inconsistent at the clarified in a recent paper [61. free edge. This is due to the well-known problem of satisfaction of the boundary conditions at a free edge in Example 3. Plate with boundary conditions "F" along a Kirchhoff plate, wherein a new quantity V, is introx = 0, a and "S" along y = 0, a duced in the theory. In a recent publication [6] it is Relevant discrete numerical values are presented in shown that barring its value at the free edge the variation Tables 5 and 6 concluded that it is QX and not V, which should be used in designs in such situations.
CONCLUSIONS
A less known formulation for economical numerical analysis of elastic plates is presented. The method is found to be very efficient and accurate. The numerical results obtained show excellent comparison with those of Timoshenko[3] which are presumably based on analytical solution. The main use of the method seems to lie in its adoption in design offices for preparation of reliable design charts at reasonable costs. Although the method has limitations in its applications to general problems when compared with the versatile finite element method [7] , it appears to be superior to the finite strip method [4] because of its relatively accurate mathematical model.
APPENDIX A

Basic equations of Kirchhoff plate theory
Displacement model (Ref. 
